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1. Field of the Invention 

The present Invention relates to vibration monitoring sensors and equipment More specifically, the present 
invention relates to the remote monitoring of the condition of rotating machinery with vibration sensors when it is Difficult 
or unsafe to retrieve data from the sensors locally. 

2. Description of the Related Technology 

The need to accurately predict excessive wear, functional abnormalities, or the immrent malfunction of 
machines such as pumps, turbines, and the like is well known, ft has become common to use vibration transducers which 
convert an operating machine's mechanical vibrations into an electrical signal which can be analyzed for characteristics 
which indicate abnormal operation or the need for memtenance. It can be appreciated that resources can be more 
efficiently utffized in manufacturing facilities and other environments when machine failure can be predicted, and the 
machine fixed or replaced prior to catastrophic failure. Human safety is also improved if the incidence of significant 
machine malfunction b reduced or eliminated. 

Two approaches have been used to generate the vibration data necessary to perform these monitoring functions. 
In some mstaBations, a portable probe is carried around the facility by facffity personnel and is used to collect vftration 
data from various locations on the machinery being monitored. These portable probes may include an integral vibration 
transducer, or may utilize fixed transducers at the points to be measured. Such a system is deserted in U.S. Patent No. 
4,885,707 to Nichol, et aL In the apparatus disclosed by Nicho!, a computer interface module is also included for 
communicaticn of measurement parameters and vibration data between the portable probe and a host computer system at 
the facility. 

An anemative design, one example of which is provided in U.S. Patent No. 5,430,663 to Judd, et al., includes a 
plurality of fixed transducers connected by a common bus which interfaces with an on-site host computer system. 

A variation of these two systems is disclosed in U.S. Patent No. 4.621,263 to Takenaka, et aL In this system, a 
robot with a non-contact vftration sensor moves throughout the facility, communicating vibration date to a host computer 
system either with a hardwired cable connection, or alternatively with a wireless communication fink. This robotic device 
is stated to be especially useful in nuclear power plants, where the use of plant personnel to gather vibration data may 
expose people to unacceptable hazardous environments. 

In a» of the above-described systems, however, a locally based vibration monitoring presence is required. In 
most cases, monitoring personnel collect data at the machines themselves. In some cases, data is routed via 
communication cable to an on-site host monitoring computer which is itself manned by facility personnel, in many 
applications, however, it is infeasMe to maintain any local presence for the purpose of vibration monitoring. Some pipeline 
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sections, pumping stations, and the like may include a very small number of machines to be monitored, end be located tens 
or even hundreds of miles away from a suitable host location. In such situations, equipment is often allowed to run to 
failure because vibration monitoring to diagnose abnormalities cannot be performed. 

There is accordingly a need hi the art to provide remote vforation monitoring in a cost effective manner to alow 
efficient maintenance of such remote machines. To date, no long distance communication method has been considered 
and applied to this problem. It may be noted that sateulte cornmunicarjon techniques have been applied to vforation data 
gathering in the electric power distribution industry, as is described in U\S. Patent No. 5,029,101 to Femandes, and in the 
railroad transportation industry, as is described in U.S. Patent No. 5.433,111 to Hershey, et aL In these fields, however, 
installation and management of dedicated long distance communication finks is often already performed for other 
purposes, and is also more economically justifiable for a huge number of rairoad cars, for example, than when a fairly 
small number of stationary and remote machine installations must be monitored. 

Furthermore, those of skill in vibration data collection and analysis at facilities having stationary rotating 
machinery are typicaBy not trained or extensively exposed to digital electronics or communications technologies. This 
general unfam3iarity in the relevant art with the capabilities of these technologies has slowed their application to machine 
momtoring. In fact, the employment of digital technology, in vibration data collection is often resisted as its use is 
perceived to introduce unoesired complexities into facility management A remote monitoring system should therefore be 
easy to install and use. and should require a minimum of speciabzed on-site electronics which must be configured and 
maintained by process control management 

Summary of the Invent™ 

The present invention provides an efficient and easily managed communication ink between a remote stationary 
machine and a control room having a host control computer system for analysis of machine condition and process control. 
Most preferably, embodiments of the present invention allow wireless commurocation between the remote site and the 
host control facility over cotrimunication links supported by an existing infrastructure. This minimizes the amount of 
communications equipment which must be managed by facility managers, thereby freeing them to concentrate on bearing 
fault analysis and machine maintenance. In particularly preferred embodiments, a portion of the cwnmunication fink 
between the monitored machine and the host control room comprises a paging network. 

Thus, in one embodiment the invention comprises a vibration monitoring system comprising a vibration 
transducer connected to vibrating machinery, signal conditioning circuitry configured to produce digital data indicative 
of the condition of the vibrating machinery, as well as a memory storing at least a portion of the digital data The 
system may further comprise a page transmitter connected to the memory so as to transmit the digital data to a host 
computing system for analysis. 

The invention also comprises methods of machine monitoring and methods of making vibration monitors. In 
onB embodiment, a method of monitoring the condition of a machine comprises sensing a vibration level of the machine, 
storing the vibration level in a memory, and sending a page containing data from the memory to a host. In another 
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embodiment, the invention comprises a method of making a machinery condition monitor comprising connecting a two- 
way page transceiver to a vibration transducer and connecting a memory to both the vibration transducer and the two- 
way page transceiver such that vibration data may be stored in the memory and forwarded to a host monitoring 
system via alphanumeric page messages. 

A further embodiment of the present invention comprises a vibration monitoring system including a vibration 
transducer coupled to a piece of stationary machinery comprising rotating shafts supported in one or more bearings. 
Proximate thereto, a satellite transmitter is provided which is coupled to the vfcration transducer and b configured to 
transmit vibration data to a satellite. Remote from the transducer is a satellite receiving station configured to receive the 
vibration data from the satellite. In a particularly preferred embodiment the satellite receiving station comprises a modem 
connected to the public switched telephone network, and the vibration data is transmitted to a remote control room via the 
public switched telephone network. 

Additional methods of communicating vibration data are also provided by the present inversion. For example, a 
method of monitoring the condition of a stationary rotating machine is provided by the present invention comprising the 
steps of coupling e vibration transducer to rotating machinery, conditioning an analog output signal from the vibration 
transtlucer to produce a second analog signal intficatrve of the condition of the rotating madunery, and periodcary 
sampling the second analog signal with en analog to digital converter to produce a set of digital samples of the second 
analog signal These digital samples are preferably stored, and then transmitted via satellite to a satellite transmission hub 
station remote from the rotating machinery. Furthermore, the step of transmitting the digital samples from the satellite 
hub station to a control room remote from the rotating machinery and the satellite hub station is pert ormed. 

These apparatuses and methods thus defined provide high quafity vibration data communication links without 
requiring process control management to develop, install and maintain an extensive collection of communication 



Brief DescriDtionnfthB Drawing 

FIG. 1 is an illustration of a communication system connecting e stationary machine being monitored and a 
control room in accordance with one embodiment of the present invention. 

FIG. 2 is a block diagram of the components of a vibration data comirrunication system in accordance with one 
preferred embodiment of the present invention. 

FIG. 3 is a block diagram of the components of a vibration data communication system in accordance with a 
second preferred embodiment of the present invention. 

FIG. 4 is a block diagram of the components of a vibration data communication system m accordance with a 
third preferred embodiment of the present invention. 

FIG. 5 is a flowchart Dlustrating a method of vibration data communication which may be implemented with the 
system illustrated in FIG. 4. 
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RG. 6 is a flowchart illustrating a second method of vibration data cwnmuracation which may ba implemented 
with the system illustrated in FIG. 4. 

Detafled Description of tha Preferred Embotfimem 
Preferred embodiments of the present invention will now be described with reference to the accompanying 
Figures, wherein like numerals refer to like elements throughout The terminology used in the description presented herein 
is intended to be interpreted in its broadest reasonable manner, even though it is being utifized in conjunction with a 
detailed description of certain specific preferred embodiments of the present invention. This is further emphasized below 
with respect to some particular terms used herein. Any terminology intended to be interpreted by tha reader in any 
restricted manner will be overtly and specifically defined as such in this specification. 

Referring now to Figure 1. a communication system in accordance with a preferred embedment of the present 
intention is illustrated. A piece of machinery 10. a high speed pump for example, is located in a remote region relatively far 
from the location of f acflity management personnel h is accordingly difficult and expensive to send a person to the pump 
.itself to gather vmration data from the pump for evaluating its conditioa ft can be appreciated of course, that m some 
installations, along an oil pipeline, for example, several stationary machines lor several inflations of groups of machines) 
may be periwfiully placed, each remote from one another. In these cases, several or afl of tha separate machines may 
require rronrtormg and periodic maintenance. In the following discussion, an individual installation of rotating machinery 
10 is explicitly deserted, it being understood that the present invention may be utilized in an analogous manner with each 
additional separate installation. 

Tha stationary machine 10 is provided with a vftration transducer 12 mounted to convert mechanical pump 
vibrations to an output analog electrical signal. Suitable transducers for this purpose are well known to those of ska*) in 
the art Many standard configurations are described in the Third Edition of ANSI/API Standard 670. dated November 
1993, the disclosure of which is hereby incorporated by reference in its entirety. 

The transducer interfaces to a signal conditioner 14, which conditions and Digitizes the analog transducer output 
signal as will be described in more detail below with reference to Figures 2 and 3. The digitized data is then preferably 
transmitted to a satellite 16 with a dedicated dish antenna 18. The dbh antenna 18 can comprise a standard Very Small 
Aperture Terminal (VSAT) dish transceiver or any other satellite transmission antenna bi many applications, antenna size 
wffl be an important concern, in addition to cost Those of skill in the art wiQ be readily able to select an appropriate 
antenna type for a particular application. 

The satellite 16 then retrensmits the data to a hub receive; station 20, which includes a satellite receiving 
anterma 21. In many preferred embodiments of tha present invention, the hub receiving station 20 will not need to be 
controlled or managed by the process control management as communications services are cwnmercially available to 
provide such satellite downlinks. This reduces the burden on pump faculty management and allows them to concentrate 
on data analysis and f acflity maintenance, rather than on the operation and upkeep of a communications system. 
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It can of course be appreciated that the data received by the hub receiving station 20 must bg then transmitted 
to the process control management In some embodiments of the present invention, process control management is 
located at the hub receiving station, and no adtf lionai comrrorrication link is required. In some other embodiments, 
however, a convocation fink 22 is preferably provided between the hub receiving station 20 and a control room 30 
containing the host monitoring computer system 21 In some applications of the present cemrnunication system, facility 
control and management is at a location remote from both the stationary monitored machine 10 and the hub receiving 
station 20. The communication fink 22 may then advantageously comprise the public switched telephone network (PSTN) 
34. The communication link 22 may also comprise a private telecommunications network, and may further include 
additional sateffite links, microwave transmission, etc As another alternative, the link 22 may comprise a packet switched 
network such as the Internet m thesB embodiments, both the hub receiving station 20 and the control room 30 
adcfitionalry comprise modems 36, 38 for data communication over the telephone line. Many of the above described 
embodiments further enhance the advantageous characteristics of the present system m that almost the entire 
communicatiori link from the machine 10 to the control room 30 is supported by an existing communication infrastructure 
which is owned and managed by entities outside the process control management 

At the control room 30. the vibration data taken by the transducer 12 can be analyzed, and appropriate action 
according to the resuhs of the analysis are then taken. In one enrolment two way communication exists between the 
pump 10 and the control room 30. In this case, the control room 30 can send a command to the pump to shut down if the 
vibration measurements made by the transducer 12 indicate that bearing faflure is imminent. In many cases, commands 
from the control room 30 will not be necessary, and the vibration data received by the control room 3D wiQ ba used to 
schedule appropriate maintenance procedures when the measured vftration data intficates that such maintenance is 
required. In some cases, personnel may be dispatched to manually shut down the machine 10 being monitored The 
present system therefore incorporates a capacity for remote automatic machine 10 control as well as increasing the 
efficiency of manual machine 10 control and maintenance. 

Preferred components of the vibration data cornmunication system of Figure 1 will now be deserted with 
reference to Figure 2. At the site of the stationary machinery 10, a vibration transducer is mounted so as to receive a 
mechanical acceleration signal from the machine, end translate that into an electrical signal In typical applications, the 
transducer 12 comprises a piezoelectric crystal and an integral analog amplifier inside a housing. Tha transducer wifi 
generally also ba provided with an output connector for outputting a voltage which varies with the instantaneous 
acceleration of the point on the machine 10 that the transducer contacts. Of course, the physical nature of the vibration 
transducer can vary and remain within the scope of the present invention, and the term "vibration transducer" is not 
hereby limited to any particular construction. Many different transducer configurations and modes of coupling them to 
stationary rotating machinery are well known. Some are described in the ANSUAPI Standard 670-1993 mentioned above, 
and would be suitable for use with the present invention. 
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The transducer output is connected to an input to condrooning and A/D conversion circuitry 40. This circuitry 
can be configured to perform a variety of functions. In many applications, the analog acceleration signal is filtered to 
produce a varying DC voltage or current signal which is representative of the peak or RMS acceleration, velocity, or 
relative position of the transducer. As is well known to those of skfll in the art a variety of filtering techniques may be 
used to extract information regarding the performance and condition of the bearings in the stationary machinery 10. The 
filtered and conditioned signal is then sampled with an A/D converter to produce a series of digitized signal values. Of 
course, A/D conversion can occur at a rate which varies depending on the frequencies of interest in the signal being 
sampled. In some apportions, the transducer output may be only amplified prior to A/D conversion and not conditioned or 
fatered. In this embodiment, conditioning and processing can be done at the control room 3a This can allow additional 
analysis flexibility, as the control room receives raw transducer data, and can process that data in various ways depending 
on the parameters of interest, recent history of the bearing being monitored, etc In yet another alternative embodment, 
the nature of processing performed by the conditioning and A/D conversion circuitry can be programmed with signals sent 
from the control room 30 to the remote site 10. In this embodiment the conditiorting circuit 40 may adtitbnalry comprise 
a memory, wherein cemmands stored in the memory control the particular conditioning function and filtering performed at 
a given time. Commands may be sent from the control room 30 for storage in the memory, thereby allowing remote 
control of the conditioning function, filter parameters, etc. 

The conifitioning and A/D conversion circuit outputs the digital data to an optional memory 42 which may 
comprise a non-volatile memory and be utibzed to store data temporarfly prior to transrnission over the satellite 
communication link. The memory 42 may alternatively comprise a FIFO buffer which continually outputs, in real time, 
vibration data received from the conditioning and A/D conversion circuitry. This vibration data therefore comprises a 
baseband data stream which is routed to a modulator 44. The modulator 44 uses the baseband signal to modulate a signal 
for transmission to the satellite 16 at standard uplink frequency bands such as the Ku band. 

In some preferred embodiments, additional transducers 12a, 12b and conditioning circuits 14a, 14b, may be 
provided on the machine 10 being monitored, or on other machines in close proximity to the machine 10 expficitry 
discussed above. In this case, the digital vibration data from aD of the transducers 12, 12a, 12b can be multiplexed prior 
to modulation and transmission via the satellite fink. Alternatively, each transducer/conditioner could include a dedicated 
satellite antenna for an independent link to the hub receiving station 20. 

As was also explained above with reference to Figure 1 , the vmration data is transmitted from the satellite 1 6 to 
the receiving antenna 21 at the hub receiving station 20. It is there demodulated with a demodulator 50, and the digital 
data is stored in a memory 52 at the hub receiving station 20. As the hub 20 may be located a substantial distance from 
the control room 30, a convnunication Rnk, preferably comprising the public switched telephone network 34, is provided 
from the hub receiving station 20 to the control room 30. The link through the telephone network can be continuously 
connected to provide real-time transfer of vibration data to the control room, or the link could be made periodcaHy as the 
control room desires to receive information. In the latter case, the memory 52 can be used to store the vibration data until 
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h is downloaded to too control room 30 via a telephone connection made between the control room 30 and the hub 20. As 
mentioned above, the hub 20 and control room 30 may be ccHocated et the same f acflity, in which case there is no need to 
use the telephone network. 

An alternative embodiment of the present invention is illustrated in Figure 3. m this emtjocfiment, a satellite link 
is not necessarily present but the advantages of the embodiment of Figure 2 are preserved in that the communication link 
between the stationary machine being monitored 10 and the control room is supported by an existing infrastructure which 
need not be maintained and managed by the facffity personnel who perform the vibration analysts and direct machine 10 
operation. 

The embodiment illustrated in Figure 3 is analogous to that illustrated in Figure 2 in that the transducer 12 is 
connected to conditioning and A/D conversion circuitry 40, which is in turn ccnnacted to the memory 42. The output of 
the memory 42, however, is input to a modem 60 which transmits directly to a communication network 34. This network 
34 may comprise a private network, a public cellular telephone network, may include a satellite and/or microwave link, or 
may be wholly terrestrial. The data is then received by the modem 38 at the control room over a control room 30 
connection to the network in a manner similar to that described above with respect to Figures 1 and 2. In effect the 
transducer (or the control room) connects to the control room (or the transducer) over the network 34 when vibration data 
transmission is desired. Of course, this embodiment requires that either terrestrial or satellite cellular telephone service be 
supported in the area where the stationary machine 10 is locate! In this embodiment as well, therefore, communication 
between the machine 10 and the control room 30 is easily managed and maintained by facility personnel Fadty 
managers simply connect the transducer 12 to the conditioning/wireless transmission circuit 14, and receive vibration data 
into the control room 30 from that transducer 12 via a standard telephone line, rt w9 be appreciated by those of skil in 
the art than many communication protocols may be used with the present invention, including any of a number of 
switching techniques utilized and proposed for use in telecommunications networks, as weft as techniques used in local or 
wide area computer networks. 

An edifitJonal advantageous wireless communication system for vibration data is illustrated in Figure 4. In this 
system, the transducer 12 is again connected to conditioning and A/D conversion circuitry 14. A memory 42 is also 
connected to receive and store vibration data produced by the transducer 12. In this embodiment the machine being 
monitored is also advantageously provided with a page unit 64, which mey include both a page traremitter circuit and page 
receiver circuit for two way communication with the host monitoring and control equipment 32. 

This communication between the machine being monitored and the host computer system 32 in the control room 
30 occurs over e peging network 66. A paging network is one which permits the broadcast of brief messages, typically 
short numeric or alphanumeric strings, to e subscriber of the paging service. The subscriber is often mobile and carries a 
page receiver only, but this is not always the case. Page networks are created with several features and constraints in 
mind, and are surprisingly applicable to the distribution of vibration data to remote monitoring facilities, and for the 
transmission of commands from the remote monitoring f acflm'es to the machine being monitored. 
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Pager system design is tailored to make the local page receivers and transmitters very simple and inexpensive. 
Another characteristic of typical paging systems is that the portable antenna and associated circuitry is small in size and 
must be able to function property regardless of orientation and location. In many cases, the antenna location is inside a 
structure, vehicle, and/or is held dose to a person's body or other object which can interfere with wireless signal reception, 
Pege broadcasting systems are designed to provide reliable communication within these constraints on the 
mobile pege ante. For example, a large number of distribution antennas are often used in the paging network to maximize 
signal strength throughout what is often a huge coverage area. In addition, a high signat-ttHtotse ratio is especially 
desirable given the limitations of the page receivers. This is generaly accomplished by using a relatively low carrier 
frequency (generally 100-900 Mhzl and a narrow signal bandwidth which Emits the data transfer rate considerably. Page 
data transfer rates are typically 9600 bits per second or less. Thus, a paging system may be generaly characterized as a 
wireless communication system adapted to provide reliable, short duration communication at low data rates, using low 
cost and often portable message receivers. 

Although pagkig networks have bam implemented separately from other wireless communication systems such 
as cellular telephone service, it is likely that more intelligent and flexible commutation systems wffl be widely used in the 
future. A Personal Communication Services (PCS! system may be deployed which combines many different types of voice 
end data communication services, including the transmission of page massages. These systems may utilize a high data 
rata full duplex communication hardware infrastructure for aO transmissions. However, even as part of these more 
comprehensive communication networks, paging retains its character as a simplex or half-duplex form of comrnanJcation 
far short strings of data which are broadcast over a given coverage area in which a page receiver is registered. 

These characteristics of paging networks make them surprisingly suitable for the communication of vibration 
data in machine monitoring applications. Because page receivers and transmitters are designed to be inexpensive, 
installation cost as part of a local vibration data collection circuit at a machine can be relatively low. Often, the cost is far 
less than the cast of routebased manual data collection or the laying of dedicated lines from the machine to host 
monitoring equipment Airtime cost is also inexpensive when compared to high data rate, full duplex conanunication 
services such as cellular telephone. 

In a twoway messaging system applicable ta the vibration monitoring system Bustreted in Figure 4, an 
outbound message containing vibration data may be sent by the page unit 64 local to the machine being monitored m 
many typical page networks 66, this outbound massage win be received by one or more network receivers. The message 
is sent ta a central network controller, which determines the message destination. The message is then forwarded to its 
destination either by land Una, microwave repeater, or satellite ink, for instance 

In the embodiment of Figure 4, the destination 70 is connected to the host monitor/control system 32, where the 
messsge is evakiated and analyzed. The page destination 70 may be an email address, a modem connected to the public 
switched telephone network (PSTNJ, or another page unit (also preferably also having a page receiver end transmitter) at 
the control room 30 An alternative or additional destination for the page sent from the page unit 64 may be a mobile page 
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unit 72. This mobile page unit 72 may be carried by a facility manager or technician that wishes to be kept informed of 
machine condition when access to the host monitoring system 32 is imited. The mobile page unit 72 may in some 
erribodiments also include page transmission capabilities as well so that a mobile f arifity manager or other user can send 
page messages as weB as receive them. 

As is common in paging systems, the page message sent by the page unit 64 may be a short alphanumeric 
message. The page may therefore comprise an overall vibration measurement value, such as an enveloped acceleration 
measurement. The page message sent from the page unit 64 may also be simply an alarm, indicating that a measurement 
has been taken which exceeds a programmed threshold rt will be appreciated that the low data rates of typical page 
systems do not lend themselves to corrtinuous real time transmission of vftration data. However, this is unnecessary in 
almost all applications, and effective monitoring can be performed with infrequent page communication of short 
alphanumeric messages. A page length of less than 1 00 characters, or even less then about 50 characters, is sufficient to 
transmit a machine or transducer identification and an associated vibration measurement and/or alarm indication. In 
addition, periodic page transmission fewer than five times per day is usuaBy more than satisfactory for machine 
monitoring, with once per day being statable for many applications. As the cost of airtime from a paging network provider 
may be a significant portion of cost of the system, minimizing page frequency and length also reduces system cost 

In many applications, the data conditioning and paging circuitry 14 wffl be battery powered. In these cases, h 
will be appreciated that reductions in energy consumption are desirable, h is advantageous in these instances to provide a 
battery management craft which only powers those portions of the circuitry 14 necessary at any one time. Reductions in 
the number and length of page messages wiQ elso enhance battery life. Several variations in operation are possible. For 
example, the unit may be programmed to power up the data conditioning circuit 40 periodically in order to take a 
measurement and store the data in the memory 42. Sending a page with the page unit 64 may occur immediately after 
this data acquisition, or may occur later. As wil be explained below with reference to Figure 5, vibration data acquisition 
and/or transmission may take place in response to a page received from either the host monitoring system 32 or the mobile 
paging unit 72 if the mobile paging unit has page transmission capabilities. 

Advantageous two-way page communication may be implemented with the system illustrated in Figure 4. One 
embodiment of such a communication method is illustrated in figure 5. in this method, the system moves from a start 
block 73 and the communication method is initiated at block 74 with a page from the host 32 to the machine being 
monitored. At block 76, in response to the page from the host 32, required portions of the vibration data monitoring 
circuitry at the machine are provided with battery power. These portions may include circuits required for signal 
acquisition and conditioning and/or page trensmission circuitry. At block 78, vibration data is collected, processed, and 
stored in the memory 42. At block 80, the vibration data stored in the memory 42 is sent to the host 32 in a page 
message. Tne communication is than completed as represented by end block 81. In this implementation, data acquisition 
and transmission is initiated by the original page from the host 32. In other embodiments, data acquisition and 
Uansmission may be performed automatically at periodic intervals, rather than being initiated by a page from the host 32. 
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In another alternative embodiment, data acquisition and/or transmission is initiated by a page from the mobile page unit 72 
rf this page unit 72 has page transmission capabilities. It will also be appreciated that the data acquisition functions ami 
data transmission functions may be performed at separate times, and may also be separately initiated by different page 
messages. 

Figure 6 illustrates another embodiment of a communication method which may be implemented with the system 
ffiustrated in Figure 4. This method begins at a start state 82, and moves to block 83 where vibration data is taken at the 
machine being monitored, and which may then be stored in the memory 42. As deserted above, this data acquisition 
block 83 may be performed automatically at periodic intervals, or may be initiated by a received page message. At block 
84, the vfcration data measurement may be compared to a threshold stored m a memory at the machine being monitored to 
determine if an alarm condition is present. If not page transmission may not occur, and the system will move to block 86, 
where the system warts for the next data acquisition, rf the measured vibration value is greater than the threshold, and an 
alarm condition exists, the page transmitter/transceiver 64 may send an alarm page to a portable pager at block 88. As 
mentioned above, the portable pager may be worn by a facility manager that is interested in being informed immediately if 
a machine appears to be operating in a faufty manner. 

The foregoing description details certain preferred embodiments of the present invention and describes Uib best 
mode contemplated. It will be appreciated, however, that no matter how detailed the foregoing appears in text the 
eivention can be practiced in many ways. As is also stated above, it should be noted that the use of particular terminology 
when describing certain features or aspects of the present invention should not be taken to imply that the broadest 
reasonable meaning of such terminology is not intended, or that the terrnmology is being re defined herein to be restricted 
to including any specific characteristics of the features or aspects of the invention with which that terminology is 
associated. The scope of the present invention should therefore be construed in accordance with the appended Claims and 
any equivalents thereof. 
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WHAT IS CLAIMED |$: 

1. A vibration monitoring system comprising: 

a vibration transducer connected to vibrating machinery; 

signal conditioning and digitizing circuitry connected to said vibration transducer and configured to 
produce digital data indicative of the condition of said vibrating machinery; 

a memory receivably connected to said signal conditioning and digitizing circuitry and storing at 
least a portion of said digital data; and 

a page transmitter connected to said memory and being capable of wirelessly transmitting at least 
a portion of said digital data using page network frequencies and signaling protocols to a monitoring system 
for analysis. 

2. The vibration monitoring system of Claim 1, additionally comprising a page receiver configured to 
receive page messages from a page network. 

3. The vibration monitoring system of Claim 1, additionally comprising a one-way page receiver 
remote from said vibration transducer and said monitoring system, wherein said page transmitter is configured to 
transmit at least a portion of said digital data to said one-way page receiver. 

4. The vibration monitoring system of Claim 3, wherein said digital data comprises an indication that 
said machine is faulty. 

5. The vforation monitoring system of Claim 3, wherein said digital data comprises a measured 
vibration amplitude in a selected frequency range. 

6. The vibration monitoring system of Claim 1, additionally comprising a battery connected to provide 
power to said signal conditioning and digitizing circuit and to said page transmitter. 

7. The vibration monitoring system of Claim 6, additionally comprising a power management circuit, 
wherein said power management circuit connects said battery to at least a portion of said signal conditioning and 
digitizing circuit and to at least a portion of said page transmitter in response to receiving a page command. 

8. The vibration monitoring system of Claim 7, wherein said page command comprises an 
alphanumeric code. 

9. A method of monitoring the condition of a machine, comprising: 
sensing a vibration level of said machine; 

storing said vibration level in a memory; 

transmitting a page signal from said machine, said page containing date from said memory. 

10. The method of Claim 9, wherein sending said page occurs automatically when said vibration level 
exceeds a threshold. 

11. The method of Claim 9, wherein sending said page from said machine occurs automatically at 
periodic intervals. 
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12. The method of Claim 9, wherein sending said page from said machine occurs less than 
approximately five times per day. 

13. The method of Claim 12, wherein said page contains an alphanumeric message of less than 
approximately 100 characters. 

5 14. The method of Claim 12, wherein said page contains an alphanumeric message of less than 

approximately 50 characters. 

15. The method of Claim 9, wherein sending said page from said machine is performed in response to 
15 sending a page from said host to said machine. 

16. The method of Claim 9, wherein sending said page from said machine comprises sending said page 
10 to an Internet e mail address. 

17. The method of Claim 9, wherein sending said page from said machine comprises sending said page 
to a modem connected to the public switched telephone network. 

1 8. ThB method of Claim 9, wherein sending said page from said machine comprises sending said page 
to a two-way page transceiver. 

19. The method of Claim 9, wherein sending said page from seid machine comprises sending said page 
to a mobile one-way page receiver. 

20. A method of monitoring the condition of a machine comprising: 
sending a first page message from a host to said machine; and 

sending a second page message from said machine to said host said page message containing 
20 information indicative of a condition of said machine. 

21 . A method of monitoring machinery condition, comprising: 
carrying a pager; and 

35 receiving a page message on said pager, said page message containing information indicative of the 

condition of said machinery. 

25 22. The method of Claim 21, wherein carrying said pager comprises carrying a one-way page receiver. 

23. A method of monitoring machine condition, comprising: 
providing power to a vibration data acquisition circuit and to a page transmitter in response to a 

first received page message; and 

sending data from said vibration data acquisition circuit with said page transmitter in response to 
30 said first or a second received page message. 

24. The method of Claim 23 wherein said data comprises an alphanumeric message comprising less 
than approximately 50 characters. 

25. A method of making a machinery condition monitor, comprising: 
connecting a two-way page transceiver to a vibration transducer; and 
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connecting a memory to said vibration transducer end said two-way page transceiver such that 
vibration data may be stored in said memory and forwarded to a host monitoring system via alphanumeric 
page messages. 

26 A method of monitoring the condition of a machine, comprising the steps of: 
coupfing a vibration transducer to said machine; 

conditioning an analog output signal from said vfcration transducer to produce a second analog signal 
indicative of the condition of said machine; 

periodically sampling said second analog signal with an analog to digital converter to produce a set of 
digital samples of said second analog signal; 

processing said digital samples to produce digital data indicative of the condition of said machine; 

transmitting at least a portion of said digital data via sateEte to a satellite hub station remote from 
said machine; and 

transmitting said at least a portion of said digital data from said satellite hub station to a control room 
remote from both said machine and said satellite hub station. 

27. The method of Claim 26, wherein said step of transmitting said at least a portion of said digital 
data from said satellite hub station to a control room remote from said machine and said satellite hub station 
comprises transmitting said at least a portion of said digital data through the pubfic telephone network. 

28. Tha method of Claim 26, additionally comprising the steps of: 

comparing said at least a portion of said digital data with a predetermined value in said control 

room; and 

shutting down said machine if said at least a portion of said digital data exceeds said 
predetermined value. 

29. A vibration monitoring system, comprising: 

a vibration transducer coupled to a piece of stationary machinery comprising at least one rotating 
shaft coupled to one or more bearings; 

a satellite transmitter coupled to said vibration transducer and configured to transmit vibration data to 
a sateflite; and 

a satellite hub station remotB from said vibration transducer and configured to receive said vibration 
data from said satellite and to store said vibration data in a memory at said satellite hub station, said satellite 
hub station further comprising a modem coupled to a public switched telephone network; and 

a control room remote from said satellite hub station, said control room comprising a modem 
connected to said public switched telephone network so as to receive said vibration data from said memory at 
said satellite hub station. 

30. A vibration monitoring system, comprising: 
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a plurality of stationary machines, each comprising a bearing, wherein at least two of said plurality of 
stationary machines are remote from one another; 

vibration transducers coupled to said at least two of said plurality of stationary machines; 

satellite transmitters coupled to said vibration transducers and configured to transmit vibration data to 
a satellite; and 

a satellite receiving station remote from said vibration transducers and configured to receive said 
vibration data from said satellite; and 

a control room remote from said stationary machines and remote from said satellite hub station, 
wherein said control room comprises host monitoring and control computing facffities configured for vibration 
data analysts, and wherein said control room receives said vibration data from said sateffite hub station. 

31 . The vibration monitoring system of Claim 30, additionally comprising: 

signal conditioning circuitry and a satellite transmitter coupled to said transducer so as to 
communicate vibration data to said satelfite hub station, and wherein said signal conditioning circuitry is coupled 
to a memory; and 

a communication ink between said control room and said satellite hub station such that vibration data 
is transmitted to said control room, and commands are transmitted from said control room and are stored in said 
memory. 

32. The vibration monitoring system of Claim 31, wherein said commands stored in said memory 
determine the conditioning function performed by said signal conaltioning circuitry. 

33 A system for monitoring the condition of rotating machinery, comprising: 

a plurafity of stationary machines, each of said machines comprising a rotating shaft supported on 

bearings; 

a plurality of vibration transducers, at least one of which is associated with each of said plurafity of 
stationary machines, and which are configured to produce analog output signals indicative of bearing vibrations; 

a plurality of signal conditioning circuits, at least one of which is associated with each of said plurality 
of stationary machines, wherein each signal conditioning circuit is configured to condition and digitize said 
analog output signals from at least one of said plurality of vibration transducers so as to produce a plurality of 
streams of digital vibration data; 

a plurality of satellite transmitters, at least one of which is associated with each of said plurality of 
stationary machines, wherein said sateflite transmitters are configured to independently traitsmit said streams of 
digital vforation data over a first communication link comprising a sateflite communication link; 

a satellite hub station remote from said plurality of stationary machines configured to receive all of 
said streams of digital vibration data over said first communication link, said satelfite hub station comprising a 
memory for storing said streams of Digital vibration data and adcStionally comprising a first modem for either 
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continuously or periodically transmitting one or more of said streams of digital data over a second 
communication folk separate from said first communication link; and 

a control room remote from both said plurality of stationary machines and said satellite hub station, 
said control room comprising a second modem configured to receive either continuously or periodically said one 
or more of said streams of digital data from said second communication link separate from said first 
communication link, said control room additionally comprising a vforation data analysis system, whereby the 
conifition of said machines may be monitored at said control room remote from said stationary machines. 
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